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INTRODUCTION
Global palaeoenvironmental reconstructions with Holocene chronologies have increased markedly in recent years, focusing on the evolution of the vegetal landscape, climatic variability and increasing human influence on ecosystems. However, only a few studies pay attention to the particular evolution of certain species, and attempt to explain possible expansions or declines, or to understand their role in the current landscape configuration. In this paper we evaluate the evolution of yew (Taxus baccata) in the Basque Mountains (Northern Iberian Peninsula) during the Holocene.
The Basque Mountains do not form a large territory, but it is quite mountainous, with a significant variety of climates and orographic conditions, covering the eastern part of the current Province of Cantabria, the Basque Country, the north of Navarre and Treviño (Figure 1 ). It is located between the Aquitaine basin (France), the Bay of Biscay (in the north), the Ebro basin (in the south), the Pyrenees (in the east) and the Asturian Massif (in the west). The existence of mountain barriers in parallel to the coastline limits the progressive arrival of Atlantic influences, favouring a complex and rich floristic variability (GONZáLEZ & al., 1998) . From a phytogeographic point of view, this area lies within the two biogeographical regions in the Iberian Peninsula: Eurosiberian and Mediterranean (ASEGUINOLZA & al., 1996) .
Taxus woods are extremely rare and unique formations all over Europe, with a clear regression dynamic in many parts of the Mediterranean region (MERCURI & al., 2012) . Their conservation is among the priorities of the European Union and they are designated as "Priority Woodland Types" in the Habitats Directive list (EEC Directive 92/43). In the Iberian Peninsula, yew is included in catalogues of endangered species in many regions, including Cantabria, the Basque Country and Navarre (SIERRA, 2010) .
Yew (Taxus baccata) is a relic tree species belonging to the family Taxaceae. The first fossil records appear in the Triassic (Paleotaxus), while the genus Taxus is documented as early as the Jurassic, with close proximity to the existing species of Taxus baccata (ABELLA, 2009) . It must have become most widespread in the successive Tertiary and the Quaternary interglacial periods, favoured by the installation of temperate and humid conditions (DEFORCE & BASTIAENS, 2003) .
It is an important part of the current vegetal heritage, because it is an appreciated raw material and possesses a symbolic value for many rural communities (ABELLA, 2009 ). Yew wood is of very good quality because it is hard, compact, tough and elastic, easy to work, can be bent by vapour, turned and polished. It has several traditional uses, from the manufacturing of bows, beams and wagons to household utensils, like furniture and doors, and also as fuel. In addition, even today, yew is considered a sacred tree in many places, the witness to millennial important social events because of its protective and spiritual value (CORTéS & al., 2000) .
In prehistoric times the use of yew wood for manufacturing hunting weapons has been documented from the earliest periods of the Palaeolithic. One of the finds was the Lower Palaeolithic spear at Clacton-on-Sea (Essex, United Kingdom), discovered in 1911 and dated to the Holsteinian Interglacial (Middle Pleistocene) (OAKLEY & al., 1977) . Another interesting find is the spear, excavated in 1948 at the site of Lehringen (Lower Saxony, Germany), and dated in the Eemian In- terglacial (THIEME & VEIL, 1985) . In more recent chronologies some other implements have been documented, such as bows. The oldest is dated ca. 8000 cal BP in Stellmoor (Hamburg, Germany) (RAUSING, 1967) , but there are others like the Meare Heath bow, discovered in 1961 in a peat bog in Somerset (United Kingdom) (CLARK & GODWIN 1962) , and the one found with the "Iceman" in 1991 in a melting glacier in the Tyrolean Alps on the Italian-Austrian border, dated ca. 5300 cal BP (SPINDLER, 1994) . In the Iberian Peninsula, the prehistoric use of yew has been documented, for example, in the archaeological site of La Draga (Banyoles, Girona), where several artefacts made of yew have been found, such as bows and other domestic tools (PALOMO & al., 2005; BOSCH & al., 2006; BOSCH & al., 2011) .
The yew is a tree which, from immemorial times, has attracted both admiration and the distrust of humans. However, little is known about the ancient history of this tree, its origin, expansion and decline in many regions of Europe (COSTA TENORIO & al., 2005) . The aim of this paper is to offer a review of the history of yew formations in the Basque Mountains during the Holocene, evaluating its development and decline in the light of the available palaeobotanical data.
PRESENT DAY ECOLOGY AND DISTRIBUTION
The genus Taxus includes 12 species, only one native to Europe, with few morphological features to distinguish some species from others (COPE, 1998; PARMAR & al., 1999) . Therefore, several authors have suggested the presence of a single collective Taxus baccata species, with local variations (THOMAS & POLWART, 2003; SIERRA, 2010) .
It grows best in oceanic climates with relatively mild winters, abundant rainfall and high humidity. It is located in almost any soil type, growing best on deep, moist and sandy loams and well-drained clays, and worse on dry soils. The largest and purest present-day populations are in the British Isles, Poland, Romania and the Caucasus Mountains. Outside these optimum areas, yew extends northwards to 63º in Norway and Sweden (eventually limited by low temperatures), eastwards to Estonia (limited by the continental climate) and southwards to several Mediterranean countries, such as Greece, Italy, Spain, Portugal and North Africa (limited here by drought, high temperatures and low humidity) (THOMAS, 2010) .
In the Iberian Peninsula, yew woods are plant communities of great scarcity and singularity. Their current distribution includes several regions; although they are most common in the north, they also appear on mountain ranges in the south. In general, yew trees are usually found isolated or as a part of small groups within other forests, rarely as monospecific formations (COSTA TENORIO & al., 2005) . In the Basque Mountains, yews currently grow in several environments, from oceanic-influenced areas near the coastline to inland mountain areas at higher altitudes, with a more seasonal climate (Figure 1 ). They are normally confined to areas of low economic use, in rugged and inaccessible places, but always in moist soils with absence of prolonged droughts in summer. They grow on different kinds of substrate, including materials such as granite, shale, slate, sandstone, marl or limestone. They are found dispersed throughout the Province of Cantabria, especially in the western part, in the main mountain ranges in the Basque Country and in northern Navarre (ASEGUINOLAZA & al., 1996; COSTA TENORIO & al., 2005; SCHWEDTNER & al., 2007; VARAS-COBO, 2007) .
Despite its wide current distribution, yew never becomes common in this region. It usually appears in isolation (sometimes with a few specimens), associated with other plant communities such as deciduous forests. It is quite frequent to find yew trees in the domain of beech, particularly in the vicinity of some eutrophic beech forests, located on limestone slopes with rock outcrops, always in marginal positions. It is also located in mixed forests on limestone slopes, a type of thin forest with low sized specimens, conditioned by poor soils (GIL GARCíA & al., 1995; ASEGUINOLAZA & al., 1996; GARCíA, 2007) . In the Basque Mountains only two well preserved yew forests are known, in Sierra de Aralar, with over 1000 trees, and at Quinto Real, in the north of Navarre (SCHWEDTNER & CáRCAMO, 2001; SCHWEDTNER & al., 2007) .
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THE PALAEOBOTANICAL DATASET
The Taxus palaeobotanical record for the Holocene in the Basque Mountains is not very rich. All palaeobotanical studies with any type of Taxus remain have been considered. In total, the dataset consists of 25 sites (Table 1) . Results include pollen and charcoal remains from both archaeological and non-anthropic deposits (peat bogs and marshes) from the north-eastern Cantabrian region (Figure 2 ). Palaeobotanical research carried out in non-anthropic sequences is one of the best palaeoenvironmental tools to acquire data about the composition and evolution of the vegetal landscape, climatic conditions and anthropic activities, frequently related to wide chronological frameworks. In this region, only eight studies are available. However, in this work, more abundant palaeobotanical studies from archaeological sites have also been considered. Despite covering shorter chronological periods (only during the human occupation of the site), they can provide interesting data about the vegetal landscape and its human management.
All radiocarbon dates included in this paper have been calibrated using Calib Radiocarbon Calibration program (6.0; REIMER & al., 2004) and are given as cal BP (2 σ, 95.4 %). In the sites without radiocarbon dates, the adopted chronology is that given by the author.
HOLOCENE PALAEOBOTANICAL RECORDS OF TAXUS IN THE BASQUE MOUNTAINS
The palaeobotanical record only documents two types of Taxus remains, pollen and charcoal, no seeds or other plant macro-remains have been found. Taxus pollen is inaperturate, between 20- (MOORE & al., 1991; BEUG, 2004) , and is very sensitive to corrosion (HAVINGA, 1964 (HAVINGA, , 1967 , so it is not a very common taxon in pollen records. For the same reason, its absence in the record does not necessarily imply its absence in the surrounding environment. Taxus wood and charcoal are easy to differentiate from other tree species in general and from other gymnosperms in particular. The transverse section presents a gradual transition between early and latewood, as well as thick-walled cells. Resin canals are absent. The tangential section displays uniseriate tracheid pits, homocellular rays and spiral thickenings (SCHWEINGRUBER, 1990) .
EASTERN CANTABRIAN RANGE
The earliest Taxus remains in the Eastern Cantabrian Range are the pollen grains identified in Los Tornos (PEñALBA, 1989) and Zalama (PéREZ-DíAZ & al., unpublished data) This region, in the southernmost part of the Basque Country, provides a few interesting archaeological sequences for the understanding of Taxus dynamics during the Holocene (Figure 2 ). In the Peña Larga site (RUIZ-ALONSO, unpublished) a continuous charcoal presence is detected between 7600-4500 cal BP, with high values. After that, percentages are lower than 10%. Very similar is the case of Los Husos I (RUIZ-ALONSO, unpublished) with high values (>10%) between ca. 7300-4300 cal BP and lower until 3000 cal BP, when it disappears from the sequence. In the nearby site of Los Husos II (RUIZ-ALONSO, unpublished) the continuous charcoal presence is dated between ca. 6400-5300 cal BP. Taxus macro remains were also found at the Peña Parda site, but in this case no radiocarbon dates are available (RUIZ- ALONSO & ZAPATA, 2003) . Finally, in San Cristóbal, the finds of charcoal are dated from 5900 until 4300 cal BP. This is the only site where both charcoal and pollen remains have been documented (PéREZ-DíAZ, 2012; PéREZ-DíAZ & al., 2010) .
DISCUSSION. THE HOLOCENE HISTORY OF TAXUS BACCATA THE HOLOCENE EXPANSION OF TAXUS
As mentioned above, the genus Taxus is documented at least from the Jurassic, although it seems that it reached its full extension during the Tertiary and the Quaternary (DEFORCE & BAS- TIAENS, 2003) . In the Basque Mountains the earliest evidence of Taxus fossil remains comes from the Pleistocene sequence at the archaeological site of Lezetxiki (SáNCHEZ-GOñI, 1993), unfortunately with no absolute dates. In more recent chronologies it is also identified in the archaeological sites of Atxoste (15120-13350 cal BP, ALDAY & al., 2012) and Kukuma (ISTURIZ, 1997) , in the Late Pleistocene. But it is in the Holocene when the palaeobotanical record documents more abundant fossil remains of yew.
The Early Holocene record (ca. 11,500-8600 cal BP) also indicates its presence in this territory, as can be observed in certain archaeological deposits such as the caves of Urtiaga and Arenaza, although in both cases the diagrams show scattered pollen occurrences (Figure 3 ). It has also been recorded in such archaeological deposits as Atxoste, Mendandia and Kanpanoste, ca. 9000-8000 cal BP. In the first case, only a few pieces of charcoal have been identified, while in Mendandia and Kanpanoste, the finds are isolated pollen occurrences. It also happens that these three deposits are quite close to each other, in the SubMediterranean valleys, so the presence of yew in this region during the Early Holocene can be safely assumed.
However, it is during the Middle Holocene (ca. 8600-4600 cal BP) when a significant increase in fossil finds of yew is detected, particularly from ca. 8000 cal BP onwards. They mostly correspond to fragments of wood charcoal from archaeological sites located in the Pre-Pyrenees in Navarre and in the Sierra de Cantabria (Figure 3 ). In the case of Aizpea, yew appears as part of a deciduous forest from ca. 8000 cal BP. However, it is particularly after the archaeological level dated to 6370 ± 70 BP (7420-7170 cal BP) when yew reaches its highest values. This coincides with the maximum extension of the local deciduous forest of hazel, oak, birch, alder and lime, according to the palynological record (IRIARTE, 2001) , and with the first farmers (Early Neolithic). In the southern areas of the Basque Country, in the archaeological deposits in the Sierra de Cantabria, yew is also first documented in the charcoal record ca. 7600 cal BP, again within deciduous forest with oak, hazel, birch and alder, as in the case of Peña Larga (IRIARTE, 1997; PéREZ-DíAZ, 2012) . In another archaeological site, this time in the eastern Cantabrian Mountains, the charcoal record from El Mirón Cave shows a major use of yew as fuel ca. 5500 cal BP (ZAPATA, 2012) .
Therefore, the oldest data documenting a relatively large presence of yew in the Holocene come from charcoal records in archaeological contexts. But this poses the question: is the widespread use of yew due to its abundance in local forests, or does it respond to specialization in the provision of fuel? When interpreting these records we must
Holocene history of Taxus baccata in the Basque Mountains take into account two main approaches, palaeoethnobotany and palaeoecology. The former emphasizes the importance of human selection of fuel, based on criteria such as its proximity, suitability for different functionalities and toughness (SMART & HOFFMAN, 1988; THOMPSON, 1994) . The second approach, palaeoecology, stresses that the main criterion when collecting wood is the proximity to the site, turning the charcoal record into a direct function of the surrounding vegetation cover, like palynology, provided that certain conditions are fulfilled (VERNET, 1991; CHABAL, 1997; THéRY-PARISOT & al., 2010) . In our opinion, from the charcoal record alone it is difficult to determine the real significance of the presence of yew in the landscape, because anthracological evidence linked to human settlements can be used as an indicator of presence rather than a quantitative estimate of the importance of yew in the landscape. The best way to solve this issue would be to compare other palaeoenvironmental records, but, in this case, they are absent. However, the charcoal record, with significant values of yew documented in PrePyrenean Navarre and in the southern sector of the Basque Country, definitely supports its presence in those regions, forming monospecific forests or, more likely, within the typical deciduous forest that covered the northern Iberian Peninsula during the Middle Holocene.
It is important to clarify the reasons for this massive use of yew in archaeological sites dated in the early Neolithic. As mentioned above, yew is appreciated for its qualities of strength, flexibility and durability, so it is an excellent raw material for construction, the manufacture of tools and, of course, for fuel. We should not exclude its use for food, at least for animal fodder. While toxicity is known and seems to be lethal in horses, ruminants tolerate it much better, and evidence exists of yew plantations to feed livestock in northern Iberia in recent times (ABELLA, 2009) .
However, if yew is documented in significant values at archaeological sites from ca. 8000 cal BP, it is from ca. 6000 cal BP when the first relatively significant pollen remains are recorded. In particular, in some natural deposits, peat bogs located in the Eastern Cantabrian Range (Los Tornos and Zalama) and the Pre-Pyrenean region (Atxuri and Belate) (Figure 3) . They all have continuous pollen values in a quite similar chronology, between ca. 6000-2700 cal BP. These values are generally low, rarely higher than 1-2%, because of yew's pollination characteristics. Although it is an anemophilous tree, its pollen production and dispersal rate is very low. Some studies show a scarce representation in surface samples taken near the tree, and this decreases further with increasing distance from the Taxus stand (HEIM, 1970; NNORYSKIEWICZ, 2003) . These factors indicate that even very low pollen values (1-2%) must attest the local presence of yews. However, peat bogs such Atxuri and Belate, between ca. 5500-4750 cal BP, manifest higher percentages (>2%). In another peat bog, Saldropo, no continuous values are recorded, only isolated occurrences between ca. 5000-2750 cal BP (Figure 3). In all cases, the evidence of yews is linked to the presence of major deciduous forests in the environment.
In sum, the palaeobotanical data indicate some expansion of yew populations during the Middle Holocene. From ca. 8000 cal BP it seems to be increasingly important, according to anthracological data. But the absence of other palaeobotanical references in this chronology makes it difficult to calibrate its landscape status more accurately. Therefore, we cannot know if this significant use of yew wood reflects the expansion of its populations, or, more probably, the human selection of a raw material that, as it was present in the nearby environment, was highly appreciated because of its excellent conditions for manufacturing tools, weapons and obviously as fuel. The expansion of yew seems definitely proved from ca. 6000 cal BP, when the palynological data show low but significant pollen values, reflecting its increasing importance in the landscape (Figure 3) . At this time, anthracological records from archaeological sites also reflect a significant use of yew wood.
The reasons for this expansion of yew populations in the Middle Holocene are probably climatic. After the end of the Late Glacial, with cold conditions and probably seasonal droughts, the Holocene is characterized by more humid and temperate conditions (AMMAN & al., 2000; ROSebastián Pérez-Díaz & al. Holocene history of Taxus baccata in the Basque Mountains BERTS & al., 2004; RASMUSSEN & al., 2006) . This favoured progressive forest expansion, especially deciduous forests, in northern Iberia and in the Basque Mountains, where the dominant landscape consisted of mesophilous forests, in which hazel, oaks, birch, walnut, lime and elm reached a remarkable importance. In this context of great climatic humidity and mild temperatures, yews found the best conditions for their development.
THE TAXUS DECLINE
If during the Middle Holocene the yew experienced a period of expansion, during the Late Holocene it suffered a significant regression in the Basque Mountains. In the fossil record this can be seen by its progressive decline, although it continues to be present in the charcoal and pollen records (Figure 3 ).
In the archaeological sequences mentioned above, the use of yew wood decreases significantly, as at El Mirón, where although it never disappears, from ca. 4150-3920 cal BP it shows very low values (<10%). In other cases such as Aizpea, after the expansion discussed above, it suffers a major regression, although this archaeological level is not dated. Finally, anthracological records from the Sierra de Cantabria show a clear regression in the use of yew between ca. 4000-3000 cal BP, in deposits like Peña Larga, Peña Parda, Los Husos I, Los Husos II and San Cristó-bal (Figure 3) .
Regarding palynological sequences, there is a decrease, even disappearance, of yew pollen (Figure 3). In the peat bogs of Los Tornos and Zalama continuous values had been recorded in previous chronologies, but from ca. 3000 cal BP the pollen diagram shows only sporadic occurrences. The same trend is observed in Atxuri and Belate peat bog pollen records, although in this latter case the presence of yew is documented until the 3 rd millennium cal BP. In Saldropo peat bog, although there was never a significant presence, yew disappears from the pollen diagram after ca. 2750 cal BP.
Therefore, the available palaeobotanical record indicates a general decline in fossil evidences from ca. 3000 cal BP, showing a notable retreat of the yew population in the Basque Mountains. It seems that this decline is not due to a single factor, but to a confluence of different elements, which favoured this regressive dynamic in the Late Holocene. Among the major causes, several biological, environmental and anthropic factors can be noted. For instance: 1) Climatic warming during the Late Holocene. Several palaeoenvironmental records indicate a transition to drier conditions during the Late Holocene in Southern Europe (MARTíNEZ-CORTIZAS & al., 1999; DAVIS & al., 2003; MAGNY, 1993 MAGNY, , 2004 GONZáLEZ-SAMPéRIZ & al., 2008) . This was gradual and not abrupt, finally determining lower water availability that could complicate an adequate regeneration of yew, which needs high humidity.
2) Increasing anthropic pressure. Human impact on the vegetal landscape, related to the new economic basis established from the Early Neolithic, is another important cause to consider (MU-CINA, 2010). The intense exploitation of the yew, documented since at least ca. 8000 cal BP (as seen at archaeological sites in the Pre-Pyrenees and southern Basque Mountains) could significantly reduce yew populations. As mentioned, yew wood is extraordinary good for fuel and for the manufacturing of tools. Besides its use as a raw material, some authors (ABELLA, 2009; SCHWENDTNER, 2010) point out another factor: the use of branches for animal folder. Some animal species (horses) do not tolerate its use, due to taxine (a toxic secondary metabolite), but other ruminants (sheep, goats) and wild animals (deer, and roe deer) can browse the yew, consuming green shoots, which could finally lead to the death of the plant.
3) Exclusive competition with other tree species. Yew ecological requirements are very similar to those of the beech, so they may share ecological niches (ABELLA, 2009). The rapid expansion of beech forest in the Late Holocene could have had a negative effect on yews. While beech is a relatively fast growing tree, yew grows very slowly, so it takes a long time (50-70 years) to reach maturity and the first flowering period (THOMAS, 2010) . Thus, yews may not have resisted this specific competition and found themsel-
Holocene history of Taxus baccata in the Basque Mountains ves restricted to the places in which beech could not thrive, like on rocky limestone slopes. This displacement effect of beech did not affect only yews, but also impacted on other taxa like oak, hazel and birch. However, due to the above mentioned regeneration difficulties; yew was possibly affected the most severely. 4) Self regeneration problems. In a natural and balanced system, yews display several self-regeneration factors that compromise the reproduction of natural specimens (ISZKULO, 2010) . Although it is an anemophilous tree, its pollen production and dispersal rate is not very high, resulting in low efficiency of wind pollination and a consequent reduced seed production (ALLISON, 1990) . It is a dioecious species which possesses different male and female trees (SCHWENDTNER, 2010) . Only the female trees produce flowers and fruits, but trees of both sexes are needed to maintain adequate regeneration. This can be a problem in small populations (ABELLA, 2009) . Once seeds are mature, they are generally dispersed by birds and small mammals, but in many cases seeds are eaten by small rodents, reducing the amount of seeds available for germination (GARCíA, 2007) . When this happens, when seeds germinate, small seedlings can be trampled or grazed by livestock or wild animals. All these elements hinder the self-regeneration of the yew.
Because of the combination of these factors, from the Late Holocene onwards, yew was restricted to marginal places in the beech domain and other deciduous forests. It is interesting to note the increasing number of palaeobotanical remains recorded on the coast and in inland valleys (Figure 3 ) in the late Holocene. Although in all cases they are scattered appearances of pollen and charcoal remains, it may reflect the presence of isolated yew stands at low altitudes (<500 m. asl), both in interior valleys (archaeological sites of Buruntza and Mulixko Gaina) and on the coast (marshes of Inurritza and Playaundi). Quite different is the case of the archaeological sites of Argarbi Ib and Arrubi, located in the Aralar Mountains at higher altitudes (819 and 1260m respectively), where at present one of the few well preserved yew forests is located (SCHWENDT- NER & al., 2007) .
CONCLUSIONS
Palaeobotanical records are a very useful tool to explain the behaviour of both major landscape units and individual species displaying a particular evolution over the last millennia; in this case, an overview of the Holocene evolution of yew in the north of the Iberian Peninsula.
Palaeobotanical data show that, yew has been present in several places in the Basque Mountains since at least the Pleistocene. However, during the Middle Holocene a mayor expansion is documented, when it occupied places where it had previously been absent. From ca. 8000 cal BP a significant use of yew wood can be seen in archaeological contexts. Whether this extensive use responds to a relevant presence in the landscape or the wood was selected by human groups is an issue we cannot solve yet, due to the scarcity of other palaeobotanical records. What is clearly documented is that from ca. 6000 cal BP yew manifests a clear expansion, significantly increasing its presence in the pollen records. This expansion can be related to the optimal development of deciduous forest in the north of the Iberian Peninsula, due to warm and humid climatic conditions. This phase lasted several millennia, until the Late Holocene, when yew populations suffered a regression. Around ca. 3000 cal BP we can see both a reduced presence of Taxus in the landscape and also a decrease in its use in archaeological contexts. Since then, it has been restricted to areas of lesser economic use, together with other deciduous elements. This retreat of yews could be due to a combination of biological, environmental and human factors: unfavourable climatic conditions (because of a decrease in water availability) and human overexploitation since Neolithic times, together with competition from other tree species, especially beech, and relatively delicate self-reproduction. HAR2011-23716 project (Plan Nacional I+D+i, Spain 
